A spherically symmetric thin shell out of the matter satisfying the ultrarelativistic state equation (radiation uid) is considered. Description of black holes and traversable wormholes formed by such shells is given. We prove the theorem on the static states of shells of these types. The motivation of classical wormholes instability and restriction on the total energy becomes the corollary of this theorem. The e ect of nonlinear ampli cation of the observable mass is stadied. We formulate the hypothesis that the dark matter problem consists not in the existence of a special matter but for lack of free light as such and its transmutation into a mass of light black holes and wormholes. Also on the basis of this model, the evaporation of quantum black holes is demonstrated, and suggestions on condensation of the quantum wormholes are proposed.
I. INTRODUCTION
Beginning from the classical work 1] the investigation of thin shells in general relativity has got large development (see reviews 2] -4]). It was found, that shells are the suitable and validly simple models of the several dynamic and cosmological objects 5]. In the present paper we consider the class of spherically symmetric shells with pressure 6] and, as a special case, the shell out of the matter having the ultrarelativistic state equation, i.e. incoherent radiation uid.
So, we shall consider a thin layer with the surface stress-energy tensor of a perfect uid in the general case (in Sec. I and II we use units such that G = c = 1) S ab = u a u b + p(u a u b + (3) g ab ); (1) where and p are the surface energy density and pressure respectively, u a is the timelike unit vector, (3) g ab is the metric on the shell. We shall write the metrics of the spacetimes outside out and inside in of the spherical shell in the form ds ( out in ) 2 = ? 1 + (r)]dt ( )2 + 1 + (r)] ?1 dr 2 + r 2 d 2 ; (2) where d 2 is the metric of unit 2-sphere. It is possible to show that if one uses the proper time of a shell, then the energy conservation law can be written as d q (3) g = ?p d q (3) g ? q (3) g (T n ) out ? (T n ) in d ; (3) where T n = T u n is the projection of stress-energy tensors in the out and in spacetimes on the tangent and normal vectors, (3) g = det ( (3) g ab ).
Imposing junction conditions across the shell, we derive the equations of motion of such shells in the form (the extrinsic curvature of a surface external side we expect to be positive) 
where _ R = dR=d , R = R( ) is the shell proper radius, m is interpreted usually as the rest mass. During the long time the root sign either was ignored or did not nd any physical interpretation 7]. Presently it is obvious that the choice = +1 or = ?1 divides all shells into the classes of black hole (BH) type and traversable wormhole (WH) type shells 10] -12] respectively. The point is, that in the rst case the extrinsic curvatures K ab of internal and external sides of a surface have the same signs but in second case they have the opposite ones.
Equations (3), (4) and (5) together with the state equation p = p( ; (3) g) and sign decision uniquely determine the motion of the uid shell. Below we suppose = ? 2M R ; (6) where M is the total energy of the con guration for a static observer into the spacetimes out and in . Then it is possible to write the expression (4) as v u u t 1 + _
We note that in order to save a possibility of description of the shells of types BH and WH in the uniform way it is necessary to deal with the sign of radicals accurately.
II. CLASSICAL DYNAMICS OF RADIATION FLUID SHELL
In this section we consider the special case of shells with pressure, namely a timelike shell with the ultrarelativistic state equation ? 2p = 0: (8) We shall call the matter with such state equation a radiation uid unlike light dust, which is described by an ingoing null hypersurface 3, 4] . The fact that the shell is timelike does not contradict to nature of incoherent light, which forms the two-dimensional waves on the surface regardless on a velocity of shell's motion. Here and below, we expect that our shell moves in a vacuum spacetime. Then from Eqs. (3), (5) and (8) we obtain its e ective rest mass = 1 = R 3 ) m = 4 1 =R; (9) where 1 = (R = ?1=3 cm) is the integration constant 9].
A. Hollow shells. Static states theorem
Here we consider the shell, inside of which there exists the Minkowski at spacetime (M ? = 0; M + = M). Then from Eqs. (7) and (9) we get q 1 + _ R 2 = 2 1 =R + (M=4 1 ) R: (10) Since the stationary points R s ( _ R = 0) are de ned by MR 3 s ? 4 1 R 2 s + 2 (2 1 ) 2 = 0:
The investigation of static states of the shell by means of Eq. (11) gives us some important results even without an attraction of the conditions for R 12]. For instance, it is easy to prove the static states existence theorem for the shells of the BH and WH types.
Theorem. Let us suppose a radiation uid thin shell with the surface energy density and pressure p = =2 outside of which there is the Schwarzchild spacetime with the parameter M and inside is the Minkowski one. Then (a) for the BH type shells the static states with a non-negative radius R s exist in that case if the conditions
are satis ed.
(b) for the WH type shells the static states with a throat of a non-negative radius R s exist in that case if the conditions
In other words, the restrictions ; (13) cos ' = ?(9=32) M 3 = 1 :
The parabolic case
Among them the case (12) is unsuitable by the physical meaning of R s . From the inequality (13) and rst equation (14) it follows
Further, both the condition of a non-negativity of R and Eq. (11) give the inequality
Comparing (15) and (16) we obtain sought inequalities q.e.d.
It is necessary to note that in this theorem we have considered the general case of shells of both types. Pure black holes and wormholes are got (see the expression below), if one puts R s equal to one of an event horizon. But before this we shall formulate two statements additionally.
(i) If one follows to the usual paradigm of general relativity, (and as consequence of this 1 also) must be positive. Then from the theorem it follows that the static shells of the type WH do not exist. It means that stable wormholes do not exist also. However, it does not mean yet their full exiling from our model because quantum uctuations (see Sec. III) will change the picture essentially.
(ii) From the theorem, not only non-negativity of the total energy M 13] but also the restriction for the M upper bound follows in the natural way. Now we nd the mass of pure black holes and wormholes. From the theorem we obtain M H = p 1 = q j 1 j; (17) i.e. in this expression the di erences between black holes and wormholes are absent already.
B. Shell around massive object. Mass ampli er
Here we consider the next con guration: a body (or a group of bodies) having the mass M ? is surrounded by a radiation uid shell (similar picture was considered also in 14]). Then out and in will be the Schwarzchild spacetimes with M = M + and M = M ? respectively. In this case the shell dynamics is de ned by Eqs. (4) - (9) . From them by analogy with Eq. (11) we obtain for the static states 
It is easy to see that unlike Eq. (11) the di erence between black holes and wormholes already disappears at this level. Exact general consideration of shells like that done in the preceding subsection, in view of evident di culties, is impossible, so we have come immediately to the study of pure black holes and wormholes. Supposing R s = 2M + (an observer is expected to be outside the shell) we obtain from Eqs. (4)-(6), (8) and (9) 
The exact solution of this equation exists but is too bulky. So we shall consider the case of the small 1 (19) that in the range of small M ? (for instance, for 1 = 0:01 cm 2 under M ? < 0:002 cm) we shall see the high-frequency oscillations reminding some fractal and chaotic sets. As for ordinary monotonous increasing of the M + when the M ? increases it takes place for large M ? only.
Generally speaking, the e ect of nonlinear dependence of observable mass on internal and rest masses takes place not only for the radiation uid shell but also for dust, charged dust, politropic uid shells etc. This is simply re ection of the fact, that in general relativity the energy superposition principle is not valid always.
C. Light dark matter ?
By the present time it is already found a large number of candidates for the role of the dark matter. Amongst them it is possible to nd both exotic objects (such as maximons or strings) and ordinary particles \modi ed" for this purpose (e.g. massive neutrino). We shall try to take a look on this problem from rather di erent standpoint. If in the Universe surrounding us there is so much matter invisible for our instruments (based on the catching of radiation), then the problem, perhaps, consists not in existence of some special matter but in lack of radiation as such? It is a natural question: where does this light disappear ? We suppose the following phenomena: light energy transforms in a mass of light black holes and wormholes. Herewith, the two model scenario are possible:
(i) when the hollow radiation uid shell collapses (see Subsec. A). The mass of the nal state of such process is de ned by the internal radiation pressure according to Eq. (17) . Such shells can be formed by the next way. As a result of momentary catastrophe (e.g. annihilation) a body can transform in relativistic gas layer, thickness of which is negligible in the comparison with its circumference radius and uctuations from spherical symmetry are insigni cant. Evolution of this layer in general case will be determined by Eq. (10).
(ii) which is described in the Subsec. B, when the shell surrounds other microscopic or astronomical bodies forming black hole and amplifying their observable mass according to Eqs. (19) and (20) . Of course, it is di cult to beleive that ordinary star can emit such shell in a moment under certain conditions and then become hidden behind the formed thin-shell light black hole. But, as it is seen above, this do not contradict with general relativity at least mathematically. Besides, also any small particle of emitting interstellar gas can nd oneself inside of radiation shell. Herewith, (1) it will not emit normally, (2) its observable total mass will be increased by the nonlinear way.
Certainly, all these ideas base on idealized thin shell models, however, experience shows that these models give at least correct qualitative description for many four-dimensional processes in general relativity. Amongst them there is quantum black hole evaporation which is described by our model in the following section.
III. QUANTUM DYNAMICS OF SHELL. EVAPORATION AND CONDENSATION
Here we consider quantum aspects of the shell as a self-gravitating system with one degree of freedom. Usually one approaches by the two ways to a quantization of such models 16]. The rst method is connected with introduction a super-Hamiltonian on an extended minisuperspace which leads to the Wheeler-DeWitt equation 17, 18] . The second one is connected with a construction of the Hamilton systems with constraints 7, 19]. These approaches lead, generally speaking, to di erent results. Further we shall use the rst method of quantization which is more transparent physically. Furthermore, the Hamiltonian and wave equation, obtained herewith, are unique. Thus, we have got the energy conservation law in the transparent form. It is naturally to put the Hamiltonian of the shell equal, for instance, to M + , the more so that it has the evident nonrelativistic limit.
Besides, it is possible to write Eq. (4) as the energy-momentum conservation law of a point relativistic particle in the external eld It is well-known that for appearance of bound states the wave function vanishing at in nity is necessary. Existence of bound states demonstrates the fact, that classically stable emitted shell will become localized and emitting body will not lose own total mass because of quantum uctuations. One can see from Eq. (29) that under ( M) 2 > 0 we have the oscillating modes, which can direct on evaporation of the black holes.
In this connection the following observation is attractive. In the proof of the static states theorem (for which M = M + = M) we have rejected the case M 2 < 0 (see the inequality in (13)) from which it should follow 1 < 0. In its turn under the condition of the positivity it should leads to the motivation of the classical existence of static shells not BH but WH type only. In the quantum case the stability conditions are opposite to the classical ones. Owing to the above, one can draw the conclusion that quantum wormholes do not vaporize and can form the stable bound states (condensate). Of course, from the standpoint of conventional general relativity the imaginary Schwarzchild mass is inadmissible, therefore existence of quantum radiation uid thin-shell wormholes remains in question (see remark (i) after the theorem above).
It is easy to see, Eq. (25) can not be solved in the known functions, so we shall resort to the simplifying suggestions. We shall expect a small value of the shell proper energy, i.e. a 2 0 and ( M) 2 0. Then we obtain (1) = 0 it is necessary to put + = ?n, where n is an integer. Hence we get the discrete eigenvalues of 1 (therefore, of the pressure, surface energy density and rest mass (9) also) 1 = (1=2) q n(n + 1):
The situation is rather unusual since the spectra take place as a rule for total energy M + of the shell.
IV. CONCLUSION
In the present paper the dynamics of the thin shell with the ultrarelativistic state equation (radiation uid shell) was considered, here the uniform description for the shells of the type of black holes and traversable wormholes was given. In the Sec. II we proved the theorem on the criteria of existence of classical static shells of the speci ed types and have pointed up their main features. One of the results of the theorem is motivation of the wormholes instability. Herewith we have investigated the two con gurations: hollow shell and shell around a massive object. In the last case the e ect of nonlinear ampli cation of the observable mass was discovered. Also we formulate the hypothesis that the dark matter problem consists not in existence of an exotic matter but for lack of free light as such and transmutation of radiation into a mass of light black holes and wormholes. In other words, we put forward the candidatures of radiation uid shells (of both types and con gurations) for a role of the dark matter. Quantum aspects of the theory were considered in the Sec. III. Evaporation of the quantum black holes and appearance of stability (condensation) of the quantum wormholes was motivated.
